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DEVICE AND METHOD FOR COATING AND/OR SURFACE 
MODIFICATION OF OBJECTS IN A VACUUM BY MEANS OF A PLASMA 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 
The invention concerns a device and a method for coatmg and/or surface 
modification of objects in a vacuum usmg a plasma, m which there is the possibility 
of coating or modifying variform objects on all sides without a large expenditure for 
plant and process engineering being required. Besides coating or modification, it is 
also easily possible to conduct cleaning, etching and/or activation to improve, tor 
example, the adhesion of coatings that may be subsequently apphed. 

Besides the modification of regions of objects that are close to the surface it 
is also possible by means of the invention to apply particularly microscopically 
dense metal coatings or compound layers that have low roughness. 

2. Description of the Prior Art 
The deposition of coatings on objects using a planar direct current magnetron 
IS known from G. Kienel, Vacuum Coatmg [m German], Volume 2, VDI Verlag 
GmbH, Dusseldorf, 1993, pp. 160-161. 

Such a solution, however, enables the coatmg of objects that is to be carried 
out spatially in three dimensions only if the objects are moved at the same time, 
which can be realized only with great difficulty and at great costs, if at all, especially 
m the vacuum chambers that are required for this. If such objects have undercut 
areas, these normally cannot be coated. 

In addition, harmful effects from residual gases have to be avoided by 
producing a high vacuum, which either greatly increases the time needed to produce 
the vacuum, or requires costly vacuum locks or costly high vacuum pumps. 

Another disadvantage is that larger surfaces are parasitically coated, which 
leads to high losses of the coatmg material, which has an adverse effect in particular 
for expensive coating materials such as noble metals. In addition, costs for cleaning 
are higher because of the parasitic coatings in the chamber and the elements found 
there. 



The amount of coatmg material that can be applied to the corresponding 
objects IS correspondingly limited, so that a relatively frequent interruption ot the 
coating process is necessary for the necessary changeover of the target. 

5 SUMMARY OF THE INVENTION AND ADVANTAGES 

Thus, It IS a task of the invention to propose a device and a corresponding 
method with which surface modification and/or coating of objects of quite various 
designs on all sides and optionally even on undercut surface regions can be achieved 
at lol cost for plant engineering process engineering and other expenses. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure I shows an example of a device m accordance with the invention with 
an inserted electrode for plasma generation, and 

Fiaure 2 shows a second example of a device in accordance with the 
15 invention with an openmg through which microwaves can be directed for plasma 
generation. 

DETAILED DESCRIPTION OF THE INVENTION 
Figure I represents a box structure 1 with rectangular cross section. An end 
20 face 8 is formed as an openmg through which objects 2 are introduced and can be 
removed. Opemng 8 can, as shown, be reclosed. The operating gas can be 
introduced into the flat structure 1 through opemng 3 and can be removed again 
through the larger and diametrically oppositely arranged opening 4. 

Electrode 5, which is in this case connected as an anode, is inserted via an 
25 additional opemng 6'. Between anode 5 and the box structure 1 there is insulation, 
not shown, so that the potentials are separate from one another. 

Figure 2 shows as a cylindrical box structure 1, m which several objects 2 are 
arranged on a support 7 insulated from the box structure 1. The upper face is again 
formed as a cover 8, which can be removed and reattached. 
30 There is an opening 6 in cover 8, through which microwaves can be directed 

mto the interior of the box structure 1 and a plasma can be generated. 



In this example there are two openings 3 in the outer jacket surface, through 
which operating gas can be introduced into the interior of the box structure 1. The 
gas can be removed through opemng 4, which m this example is combined with a 
support, from the box structure 1 . 
5 The device in accordance with the invention can correspondingly be 

modified for the coating, already mentioned at the start in the description, of objects 
with metals, metal alloys or various metal compounds like metal nitrides or metal 
oxides or alternatively and cumulatively for this on the surfaces, so that, for 
example, the adhesion properties of coatings that are to be applied later can be 
10 improved. Here a box structure, which can have, for example, the form of a 
rectangle, cube or cylinder of an electrically conductive material is used. The box 
structure can, by itself, represent a vacuum chamber, which is used by connecting 
the appropriate pumps and valves in combination, with the techmcal elements to be 
used subsequently. However, there is also the possibility of inserting such a box 
1 5 structure into a traditional vacuum chamber and operating there in accordance with 
the invention. 

The objects that are to be coated or modified are inserted into the box 
structure, namely so that direct contact between the objects and the inner wall is 
avoided and, apart from that, an electrical insulation is used as support for the 
20 objects. The objects can be inserted into the box structure preferably via various 
openings, so that the objects are surrounded on all sides. The box structure can, 
however, also consist of two parts, with one part forming a cover that can be 
posifioned on the lower part. 

At least the inner wall should consist of a material that is suitable for the 
25 coafing. Of course, it is also possible for the entire box structure to be formed from a 
material suitable for the coating or for fiat targets of a coating material to be 
arranged on the inner walls of the box structure. 

In addition, openings for feed and withdrawal of the working gas as well as 
at least one opening through which the energy to produce a glow discharge can be 
30 introduced into the box structure are necessary. 



For the mochfication or coatmg the box structure ,s charged to an electncally 
negative potential with respect to the plasma generated with the glow discharge. 

The plasma generation that is brought about by a glow discharge can take 
place m various ways. For this there is on the one hand the possibility of inserting an 
electrode through an opemng into the interior of the box structure and supplying 
direct or altematmg current to the electrode. If direct current is supplied, the 
electrode is connected as the anode. The correspondingly supplied alternating 
current can be low frequency, medium frequency or high frequency. 

Another possibility for generating the plasma is to direct microwaves 
through an opemng into the mterior of the box structure and thus to generate the 
plasma. 

Since the box structure has a negative electrical potential compared to the 
plasma, ma.enal can be stripped at the inner surface through the appearance of high 
energy posittve ions front the plasma (cathode sputtering), and thts ntatenal ,s then 
deposited on the objects. However, a sufficient difference of potential must be 
established for thts. If an appropriate potential difference has not been reached, no or 
nearly no material will be stripped a«ay and there will only be a modification in the 
subsurface region of the objects held in the box structure. The objects can consist of 
quite various materials such as metal, plastic or ceramic. 

By simply increasing the difference of potentials between the box structure 
and the plasma it is possible to initiate coating of the objects, in addition to 
modification. Through the appropnate stripping of material at all inner walls of the 
box structure coatmg of any three dimensionally shaped object on all sides ,s 
possible without additional manipulation of the objects and it is also possible to coat 
S undercut regions, with increased working pressure, which leads to dispersed 
distribution of the stripped material components, having a favorable effect. Thus, 
uniform and nearly simultaneous modification and/or coating of objects can be 
achieved. 

The coating material that is not directly deposited on the surface of the object 
0 is essentially redeposited on the inner surface of the box structure and thus is no, lost 
to the coating process. Since dispersed coatings are deposited only on relatively 



small ,„.emal fi.ti.gs in the box structure such as, for example, the support ou which 
the objects are held, the cleaning cos. is reduced considerably contpared to the 
traditional solutions. 

The adsorbate layers that, as is well known, form in such processes and have 
5 an adverse effect on the quality of the layer and layer adhesion in vacuum coatntg 
processes through their desorption during coating can be counteracted very 
effectively through ion bombardment removal. For this the interior of the box 
structure can be cleaned relatively shortly before the actual coating wtth a low 
plasma power, low negative potential on the box structure and/or by providing an 
,0 elevated operating pressure, so that no additional technical requirements have to oe 
met to remove the adsorbate layers and the adsorbate after being separated can easily 
be drawn out with the operating gas. 

With the device in accordance with the invention there is also the possibility 
of already removing a large proportion of the adsorbate layers before imtiatmg the 
15 glow discharge and plasma generation with the introduction and evacuation of a 
clean dry operating gas during the evacuation phase. Relatively little operating gas is 
needed for this, since the box structure and its imier surface can be relatively small 
compared to the inner surface of the traditional vacuum coating chambers, for equal 
volumes of objects that are to be coated. 
20 Through the ion bombardment the inner surface of the box structure can be 

heated in a simple manner and way and without additional technical cost, so that the 
desorption of the adsorbate layers can be considerably accelerated. 

If the box structure is used in a larger vacuum chamber and accordingly does 
not Itself act as a vacuum chamber, there still remams the effect that the gas flow in 
75 the box structure cannot force any desorbable gases from the walls of the larger 
vacuum chamber into the box structure due to the relatively small free cross section 
of its openings. 

Since the cleanmg of adsorbate layers by ion bombardment and gas flow in 
the mtenor space of the box structure is very effective, and the necessary operating 
30 pressure during the actual coating lies m the range of a coarse/fine vacuum, a high 
vacuum pump with the correspondingly high cost is not necessary. 
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Compared to the known solution of coating with magnetron sources, the 
solution in accordance with the invention offers another advantage, which is that 
considerably more coating material is available than is the case with the targets that 
are used in the known solution. Since the entire inner surface of the box shaped 

5 material consists of coating material, or appropriately dimensioned flat targets of 
such a coating material are arranged there, the stock of coating material is 
considerably larger and the process has to be interrupted correspondingly less often 
for recharging with coating material. In addition, the plasma parameters do not 
unduly change even when severe stripping of coating material has occurred. In 

10 addition, there is no limitation due to thermal resistance caused by a great target 
thickness. 

The box structure can, in combination with the pressure of the operating gas, 
be dimensioned so that the discharge produced as a consequence of the introduced 
energy has the character of a hollow cathode glow discharge, so that a particularly 

15 high^plasma density and accordingly a high coating rate can be achieved without 
expensive permanent magnets being necessary, as is the case with magnetrons. Here 
the condition pressure-tube inside diameter = 133.3 Pa-cm with a tolerance range of 
a maximum of 13.33-133.3 Pa-cm that was mentioned by M. v. Ardenne m Effects 
of Physics [in German], Verlag Harry Deutsch, Thun, Frankfurt/Main, 1990, can be 

20 correspondingly taken into consideration for the development of a hollow cathode 
discharge when the relevant clear width of the box structure is used for the tube 
inside diameter. 

Since in accordance with the invention modification and coating can be 
carried out at relatively low temperatures, there is also the possibility, and this has a 
25 very favorable effect, that the box structure can be provided with cooling, preferably 
water cooling. 

As already noted, the difference of potentials between the generated plasma 
and the box structure can be specifically affected and can be established m the range 
between 100 to 1000 V. Here the smaller voltage values are sufficient for 
30 modification and the higher voltage values are necessary for applying a coating. 



The pressure in ,he box structure can be specfically es.abltshed ,n the range 
between 10"-' to 10 mbar. 

The opening for withdrawal of the operating gas has a size between a few 
ent^ up to about 100 cnr^ and ,t ts a good ,dea to dintension the other open.ngs ,n the 
5 box structure so that thetr sun, is less than the size of the wt.hdrawa, open.ng. 

The box structure can have a clear width ,n the range between 1 em and n, 
.nd should have a stze a. leas. L2 times that of the objects and should be a 
maxtmun, of 10 tintes as large as the objects. The objects that are to be ntod.f.cd or 
coated should fill the tntcnor of the box structure to a volume of about 0.1 /. to 30,. 
,0 The objects in the box structure should be electrtcally isolated from the stt^cture tor 
example on one or more supports, and should have a dtstanee of at leas, 0.1 to a 
maximum of 10 cm from the inner wall ofthe box structure. 

various metals can be used, for example, aluminum, titanium, or alloys of 
„ese. However, tt ,s also possible to use metal compounds such as titan.um nttnde 
15 or indium-tin oxide. , n , 

The operattng gas, espeetally for nush.ng and cleaning, can be a clean dry 
mert gas, for example argon. However, an operattng gas mixture of an tnert gas and 
a reactive gas can be used for coating. One such operattng gas ,s, for example, argon 
and mtrogen. so that nttride layers can be deposited on the objects. 

The gas flow can be adjusted ,0 a mtntmum of 10 cm^/m,n[STP, (cubte 
centimeters per minute at standard temperature and pressure) and a maxtmunr of 

1000 cm-Vmin[STPl. 

,f only a very small coating or no coating a. all ,s tntended to be apphed, the 
potential difference between the plasma and the box structure should be set to be 
25 under 200 V and/or the pressure should be increased by at least a factor of three. 
Wtth adjustment of thts kind a surface modificatton, as already noted tn general, can 
be carried out. 

The device in accordance with the invention can also be used to produce 
composite structures. For this it is provided that a solid powder is supplied through 
30 one of the openings that are present or through an opening specifically made for this^ 
„ ,s also possible to place the solid powder ,n the device in a container. The panicles 
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of .he solid powder preferably have a s,ze from .0^ to .o" n. Bas,ca„y ah known 
hard ,™.ena,s are poss.bi.ihes as soHd pa„,c,es. Examples are hlgh-nreU.n, n,e.a, 
oxides like corundum or titanium oxide^ Diamond graphite or n.trides ean also be 
used In accordance w,th the method, when the powder is m.roduced v,a an open.ng, 
i, is mtxed tnto the tnert gas stream. If the powder ,s supplied m a conta.ner, 
automatic turbulent m,x,ng takes place due to the applied vacuum. The parttcles are 
then deposited on the surface that is to be coated. 

The mode of operation ,n accordance wtth the mventton will be descnbed 
first below, in general form and then in more detail ustng two specific examples. 

Afler putting ,he objects tn the box structure, the box structure or Ine 
surroundmg vacuum chamber ts evacuated out by means of a vacuum pump and a, 
the same time or shortly afterwards flushing with the operatmg gas ,s carried out. 

If a sufficently low pressure (1-10 mbar) has been achieved, .he box 
structure .s charged to a negative potemial w„h respect to the plasma and the glow 
discharge ,s .nrttated by the supply of energy. The ion-supported desotp.ton of the 
adsorbate layers takes place by means of this. 

After sufficent cleamng the pressure is reduced to a pressure ,n the range 
between 0.001 and I mbar by reducing the feed of operating gas and the potent.al 
difference between the box stt^cture and the plasma is nrcreased. Thrs can take 
place for example, by tncreasing the negafive po.ent.al. thus a h.gher negat.ve 
voltage is supplied ,0 the box structure. Due to this, matenal of the coatmg material 
IS stripped from the inner wall of the flat structure and the objects in the structure arc 
correspondingly coated. In each case according to the coating to be applied a pure 
inert gas or an inert gas-reac.ive gas mixture can be used as the operating gas. The 
fraction of reactive gas, however, must be established m conespondcnce with the 

desired layer structure. 

Then the glow discharge can be switched off. the supply of operating gas in 
,he pump disconnected and the vacuum chamber or the box structure flooded and 
after opening the box the modified or coated objects are removed. 



e.atu,gofob,e=.s«U. copper and on .heotHercoat,„gwi* manioc n,m<ie,., ..ore 
specific detail. 
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The objecs are put into ,he box structure, whtch is shaped as a tube ,s 

.esse, the vacnu.pun,p,s connected. At ,besanre.,n,enusb,n.w,tbar.on 

.K-ut 1 00 cm^/minl STPl is carried out. 

UponreacH,nsapressureor5nrbartbebo.s,mcture,scbargea,canegat,ve 

poten.,a?of 300 V conrpared to a rod shaped anode .nserted ,nto the box struc.ur 

the ,o« d,schar.e ,s .nitrated. Th.s causes the iotr-supponed desorpt.on of the 
adsorbate layers from the inner wall of the box structure. 

Mter sufftcent clean.ng the pressure .s reduced to the operating pressure of 

500 V, so that coating of the objects wtth copper takes place. 

After 10 nrin coattng ttnte the glow discharge .s s«,.ehed off by 
d,sconnect.ng the supply of current and the argon supply ,s turned off. The purnp ,s 

are opened and the coated objects are removed. 



The objects are put into the box structure. The box has the shape o, a 
rectangular parallelepiped, consists of aluntntum and ,s itself the vacuum ^ssef 
„h,ch s coated nearly completely on ,ts tnstde wtth t.tan.um shee.s , targets ). T 
box structure has a short tubular stub m ,ts wall, to wh.ch a mtcrcwave source ,s 

^"""^te vacuum pump ,s sw.tched on for evacuatton of the box. Shortly after 
„gen ,s supphed for flushing a. about 300 cmVmm[STPl. -'-j 

,he glow discharge is initiated by tuntmg on the microwave source. 



After 1 n,in cleaning .he pressure is reduced ,o 03 mbar by reducing the gas 
supply, and the objects are supplied w.th a potential of -500 V, through whtch 
surface clean.ng takes place. Then ,0% nt.rogen is added to the argon and the 

titanium nitride takes place. 

After 15 n„n of coating the glo« discharge is turned off a,rd the operattng 

is opened and the objects are removed. 



